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Abstract: PAL is a peptidoglycan-associated lipoprotein found in the cell membranes of many Gramnegative bacteria. The presence of PAL has been demonstrated in Escherichia coli and many bacteria.
In this paper, we show the presence of a gene coding for a PAL-like protein in C. vinosum, a
photosynthetic bacteria and the partial sequence of the PAL gene.
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Pal Benzeri Bir Protein Chromatium vinosum’da da Bulunmaktadır
Özet: PAL, Gram negatif bakterilerin hücre membranlarında peptidoglikan tabakasına bağlı bulunan
lipoproteinlerden biridir. PAL’ın varlığı, başta Escherichia coli olmak üzere pekçok bakteride
gösterilmiştir. Bu makalede fotosentetik bakteri Chromatium vinosum’da PAL’a benzer bir proteini
kodlayan bir genin varlığını ve kısmi dizisini sunuyoruz.
Anahtar Sözcükler: Chromatium vinosum, excC, P6 protein, peptidoglikana bağlı lipoprotein

Introduction
The cell membranes of Gram-negative bacteria contain a number of major lipoproteins (1,
2, 3, 4). Some of these proteins are tightly bound and can only be removed with detergents
despite the fact that they are non-covalently attached to the peptidoglycan layer of the envelope.
A Mr 7000 Dalton lipoprotein, referred to as Braun lipoprotein, is the most abundant protein in
Escherichia coli membranes (5). A peptidoglycan-associated lipoprotein (PAL) has been found in
several Gram-negative bacteria such as E. coli (6, 7), Pseudomonas aeroginosa (6), Proteus
mirabilis (8), Heamophilus influenza (9, 10, 11), Pasteurella multocida (12) and Pseudomonas
putida (13). Most PAL proteins are immunologically related (6, 11). While polyclonal antibodies
raised against P. mirabilis PAL cross-react with E. coli PAL, they do not recognize the P. aeroginosa protein. These proteins are not related to Braun’s lipoprotein, a conclusion based on the
large differences in amino acid composition between Braun lipoprotein and PAL proteins and on
the absence of antigenic cross-reactivity (6). The amount of PAL differs in species; for example
twelve times as much protein is found in P. mirabilis. The function of PAL proteins is not known.
* This study was founded by Robert A. Welch Foundation Grant D-0710.
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However, a mutation study has shown that a disruption of the PAL gene is lethal to the cells (7).
Lazzaroni and Portalier (14) showed that PAL is encoded by the excC gene of E. coli and located at the tol locus at 17 min in the E. coli linkage map and is required for cell envelope integrity. They have also shown that the excC mutants of E. coli are hypersensitive to drugs such as
cholic acid, which is consistent with the hypothesis that PAL is important for membrane integrity. Thus, PALs seem to be necessary to maintain the integrity of the peptidoglycan layer, a similar function to that of the Braun lipoprotein, although PALs are less abundant than that. A number of genes encoding PALs have been cloned and sequenced, eg., those from E. coli (7, 14),
Heamophilus influenza (11), Pasteurella multocida (12) and Psedomonas putida (13). Most PAL
genes are approximately 1.5 kb in length and code for proteins of 16-21 kDa. The proteins are
synthesized as precursor forms including a hydrophobic signal peptide of 20-22 amino acids
with a potential processing site. PAL proteins exhibit a very high level of homology at the protein level. The topology of the E. coli PAL protein has been studied by compartmentalization
analysis (14) and it has been shown that the 21 amino acids at the N-terminus are necessary for
the correct localization of the protein. The bulk of the protein is localized in the periplasm.

Chromatium vinosum is a photosynthetic purple sulfur bacterium which oxidizes reduced sulfur compounds such as thiosulfate, sulfide and sulfur to sulfate. The bacteria grow at a wide
variety of sulfur concentrations and light intensities. Electron microscopy studies have shown
that cytoplasmic membranes and the cell walls of outer membranes of photosynthetic bacteria
reveal very similar morphology to those of Gram-negative bacteria (15), suggesting the possibility that C. vinosum membranes contain PAL. This possibility, in turn, would imply the presence of a gene encoding PAL in C. vinosum. Below are the results of a study in which a gene
from C. vinosum was located which was highly homologous to the PALs in the databases.
Materials and Methods
In the course of the cloning studies of the pet operon of C. vinosum, a 187 bp PCR fragment was cloned. The fragment was amplified with 5’-AGGTCGGCGAGCAACCCAGG-3’ and 5’CCCAAGCTTGGAACCCAGATGTGTG-3’ forward and reverse primers, respectively using C.
vinosum genomic DNA as a template at a MJ Research PCR Minicycler. The PCR conditions were
as follows: denaturation for 1 minute at 94 C, annealing for 1 minute at 58 C and extension at
72 C for 2 minutes. A single band of approximately 0.2 kb was cut from 1% TAE agarose gel
(16) and purified by Geneclean II (Bio 101) and cloned into a PCR 2.1 TA-cloning vector
(Invitrogen). Overlapping sequence data was obtained by sequencing both strands with an ABI
Genetic Analyzer 310 automated DNA sequencer using universal T7 and M13 reverse primers.
Results and Discussion
The sequence comparison data was obtained and manipulated with Genetic Computer Group
Wisconsin Software using EMBL gene sequence databases and Swissprot protein databases.
When several PAL protein sequences are compared with the C. vinosum clone, a high degree of
homology is seen (Figure 1). At the nucleotide level, the C. vinosum clone shows 74% similari390
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Figure 1.

Nucleotide homology between C. vinosum clone and the excC (pal) gene of Escherichia coli obtained by fasta
analysis.

Figure 2.

Lineup analysis of the C. vinosum clone with the other PAL protein sequences. Hin;c, H. influenza P6 protein; Pmulto, P. multocida PAL; Cvinpal, C. vinosum PAL-like protein, excC, E. coli PAL; Pputida, P. putida
PAL
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Figure 3ab. Comparison of the translation of C. vinosum clone with PAL protein of E. coli (a), P6 protein of H. influenza (b), PAL protein of P.multocida (c) and PAL protein of P. putida (d).
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ty with E. coli pal (excC), and, at the protein level, 60% identity and 73% similarity (Figure 1).
The C. vinosum clone shows 66% similarity to H. influenza PAL at both nucleotide and protein
levels. At the nucleotide and protein levels, respectively, homology with P. multocida is 65% and
66%, with P. putida 73% and 67% (Figures 2 and 3).

Figure 3cd. Comparison of the translation of C. vinosum clone with PAL protein of E. coli (a), P6 protein of H. influenza (b), PAL protein of P.multocida (c) and PAL protein of P. putida (d).
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The degree of homology shows the presence of a pal-like gene in C. vinosum. Cloning and
sequencing this gene, which represents the first example of a pal-like gene in a purple sulfur
bacterium, will be important in showing the evolutionary links between different species of bacteria. Demonstrating the presence of a signal peptide in C. vinosum will yield valuable information about the synthesis and targeting of structural proteins in a sulfur bacteria in which the
presence of a signal peptide has never been shown before. A signal peptide has been shown for
the cytochrome c1 subunit (encoded by the petC gene) of the cytochrome bc1 complex of
Rhodobacter capsulatus, a photosynhetic purple non-sulfur bacterium (17). The gene may later
be overexpressed in E. coli for further structural analysis of the protein. At the same time, the
signal peptide may be used to design an experisson vector for selective targeting of the gene
product in E. coli , C. vinosum and other Gram-negative bacteria for protein synthesis studies.
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